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EVALUATING SULFUR-PRODUCING FGD PROCESSES 

Lawrence H .  Weiss 

Chem Systems Inc. 
747 Third Avenue 
New York, N . Y .  10017 

F1 ue gas desulfurization systems can be broadly categorized as throwaway and recovery 
Systems. I n  the throwaway systems, the sulfur  removed from the f lue  gas i s  rejected 
from the process in a waste sludge, usually a wet mixture of CaS03 and CaS04. In re- 
covery systems, the sulfur-absorbing reagent is regenerated f o r  recirculat ion t o  the 
f lue gas contacting device while the sulfur  removed from the f lue gas i s  converted into 
i t s  elemental form or in to  su l fur ic  acid. The dominant choices f o r  commercial ins ta l -  
la t ions up t o  th i s  time have been the wet, throwaway (lime/limestone) systems. 
Accordingly, the select ion of these systems has been well-described in many symposia 
and other pub1 ications. 
brought several to the commercial o r  near commercial s ta tus .  Thus, t h i s  paper addresses 
the evaluation of such recovery processes for  a commercial ins ta l la t ion .  

PROCESS DESCRIPTIONS 

Three processes have been selected for  discussion and comparison: 
Chemical sodium-based (commercial, wet), Catalytic/IFP amnonium-based (near commercial, 
wet), and Atomics International ACP (developmental, semi-dry). 
cess with Allied Chemical regeneration and the Catalytic/IFP process both require a 
clean reducing gas t o  carry out the regeneration of the absorbent and the production of 
elemental sulfur. Due t o  the limited ava i lab i l i ty  of natural g a s ,  the  use of a medium 
B t u  gas from a coal gas i f ie r  has been assumed f o r  the comparison here and a gas i f ie r  in- 
cluded i n  each of these processes. 
petroleum coke or coal f o r  i t s  regeneration and reduction s teps  w i t h  the  choice depen- 
dent upon the i r  re la t ive  cost  a t  a given s i t e .  

However, the continued development of recovery processes has 

Wellrnan-Lord/All ied 

The Wellman-Lord pro- 

The Atomics International ACP process can u t i l i z e  

Wellman-Lord/All ied Chemical Process 

The Wellman-Lord process consis ts  of three major sections for  SO 
ber, ( 2 )  evaporative-crystallizer, and ( 3 )  sodium su l fa te  removaf. 
SO2 Recovery Process consis ts  of a ca ta ly t ic  reduction of SO2 to elemental sulfur .  

The chemistry of the Wellman-Lord /Allied Chemical process i s  as follows: 

recovery: (1)  scrub- 
The Allied Chemical 

Absorber: 
1 )  SO2 + Na2S03 + H20 -----+- 2NaHS03 
2 )  1/2 O2 + :ia2S03 _____f. Na2S04 
Evaporator: 
3) 2NaHS03 > SO2 + Na2S03 + H20 
Reducer: 
4)  2H2 + SO2 > 2H20 + S 

5)  2co + so2 --f 2CO2 + s 
Figure 1 shows a block diagram of the coupled scrubbing-regeneration system. 

Flue gas from the e lec t ros ta t ic  precipi ta tor  i s  adiabat ical ly  saturated with water, 
then contacted countercurrently with the absorbing solution. Sulfur dioxide i s  ab- 
sorbed into the solution of sodium s u l f i t e  and reacts t o  form sodium b i s u l f i t e  as 
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shown i n  reac t i on  1. 
o b t a i n  a concentrated s o l u t i o n  o f  b i s u l f i t e .  
and r e c i r c u l a t i o n  t o  form t h e  unregenerable by-product, sodium s u l f a t e .  Reaction 1 
i s  reversed i n  an evaporat ive c r y s t a l l i z e r  where sodium s u l f i t e  i s  c r y s t a l 1  i zed  and 
SO and water a re  re leased as gases (Reaction 3). 
b i z u l f i t e  a t  t h e  r a t e  o f  9-12 pounds o f  steam per pound o f  SO2 recovered. 
stream i s  taken t o  prevent  bu i ld -up  of sodium su l fa te .  
tu rned t o  the scrubber ( 1 ) .  

The product o f  t he  Wellman-Lord Process i s  a stream o f  concentrated SO2. 
be ox id i zed  t o  produce s u l f u r i c  a c i d  o r  i t  may be reduced t o  elemental  s u l f u r  i n  any 

The scrubbing s o l u t i o n  i s  r e c i r c u l a t e d  through the  scrubber t o  
Reaction 2 a l s o  occurs du r ing  scrubbing 

Steam i s  used t o  decompose the  
A purge 

The regenerated s u l f i t e  i s  re- 

The SO2 may 

number of processes. The A l l i e d  Chemical SO2 Reduction Process (2 )  can u t i l i z e  reducing. 
gas t o  produce s u l f u r  v i a  reac t i ons  4 and 5. These reac t ions  take  p lace  a t  h igh  
temperature, r e a u i r i n o  r e f r a c t o r y - l i n e d  reactors.  

Comnercial Status.  
l a t i o n s  world-wide, l a r g e l y  on o i l - f i r e d  b o i l e r s .  
process has been operated commercial ly a t  a l a rge  Canadian copper smelter.  
demonstration p l a n t  has r e c e n t l y  been s ta r ted  up a t  NIPSCO (3) .  

The Wellman-Lord process i s  f u l l y  commercial w i t h  numerous i n s t a l -  
The A l l i e d  Chemical SO2 reduc t ion  

A 100 MW 

Cata ly t i c / IFP Ammonia Scrubbing Process 

The Ca ta l y t i c / IFP  process c o m i s t s  o f  f i v e  major process sect ions:  (1) scrubber, (2) 
evaporator-decomposer, ( 2 )  s u l f u r  d iox ide  reduc t ion ,  (4) reduc ing  gas generat ion,  and 
( 5 )  wet Claus s u l f u r  recovery.  A b lock  diagram o f  t h e  IFP process i s  shown i n  Figure 2. 

The chemistry o f  the  IFP process i s  as fo l lows:  

Absorpt ion:  

1 )  
2)  SO3 + (NH4)2S03 ______f_ (NH4l2SO4 + SO2 

3) O2 + 2(NH4)2S03 2(NH4)2S04 

Regeneration: 
4 )  (NH412S03 Y SO2 + H20 + 2NH3 

5) (NHqI2S04 - NH4HS04 + NH3 
6) 2NH4HS04 + S : 3S02 + 2H20.+ 2NH3 

H2S Generation: 

7 )  SO2 + 3CO + H20 > H2S + 3C02 

8) SO2 + 3H2 > H2S + 2H20 
Claus React ion:  
9 )  H2S + 1/2 SO2 3/2 S + H20 

SO2 + (NH4)2S03 + H20 - 2NH4HS03 

The f l u e  gases from t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r  a re  f i r s t  a d i a b a t i c a l l y  saturated 
w i t h  water i n  the  bottom sec t i on  o f  a t ray  tower. The sa tura ted  gases are  then con- 
tac ted  w i t h  an ammonium s u l f i t e  b r i n e  t o  remove s u l f u r  oxides. 
3 take  place i n  the  scrubber.  
a re  washed i n  an add i t i ona l  stage wi th  water ( o r  ac id )  t o  remove res idua l  gaseous am- 
monia t o  prevent i t s  loss. A stream o f  concentrated 

Reactions 1, 2, and 
Before the  gases a re  discharged from t h e  scrubber, they 

126 



b r i n e  i s  removed from the  bottom o f  the scrubber and sent  t o  an evaporator which se- 
parates out a m n i u m  s u l f a t e  c r y s t a l s  and decomposes t h e  s u l f i t e s  t o  NH3, SO2. and 
H20 by reac t ion  4. 

The su l fa te  c r y s t a l s  from the  evaporator a re  decomposed i n  a reducing atmosphere by 
reac t ions  5 and 6. 
of medium Btu gas w i t h  a d e f i c i e n t  amount of  a i r .  
700°F. 

Add i t iona l  medium Btu  gas i s  supp l ied  t o  reduce t h e  stream from the  evaporator.  
t h i r d s  o f  the  s u l f u r  d iox ide  i s  reduced t o  hydrogen s u l f i d e  by reac t i ons  7 and 8 .  The 
hydrogen s u l f i d e  produced i n  the  SO2 reducers and the  remaining SO2 a r e  reac ted  i n  the 
IFP "wet Claus" reac to r  by reac t i on  9 t o  form elemental s u l f u r .  Ammonia i s  recovered 
and unreacted H2S i s  i nc ine ra ted  o r  re tu rned t o  t h e  power p l a n t  b o i l e r  t o  be ox id i zed  

Comerc ia l  Status:  IFP has s tud ied  a l l  t h e  s i n g l e  processing steps on t h e  l abo ra to ry  
and p i l o t  scale a t  t h e i r  research center  i n  France. A f u l l y  i n teg ra ted  30 MW demon- 
s t r a t i o n  i s  now opera t iona l  on an o i l - f i r e d  u t i l i t y  b o i l e r  i n  France (4).  
now operat iny ari engineer ing op t im iza t i on  u n i t  on f l u e  qas f r o m  a coa l  f i r e d  u t i l i t y  
b o i l e r  a t  an A i r  Products chemical p l a n t  i n  Kentucky. 

The heat f o r  t he  reduc t i on  i s  supp l ied  by submerged combustion 
The reduc t ion  takes p lace  a t  600- 

Two- 

t o  so2 ( 4 ) .  

C a t a l y t i c  i s  

Atomics In te rna t i ona l  - Aqueous Carbonate Process (ACP) 

The 
and 

The 

The 

ACP cons is ts  o f  f o u r  major sect ions:  (1 )  scrubber, (2 )  reducer, (3)  carbonator,  
(4 )  Claus p lan t .  F igure  3 shows a b lock  diagram o f  the  ACP.. 

chemistry o f  t he  ACP i s  as fo l l ows :  ( 5 )  

Scrubber: 
1 )  Na2C03 + SO2 _____f 

2) Na2S03 + 1/2 O2 .- 

Reducer: 
3)  Na2S03 + 1-1/2C 
4)  Na2S04 + 2C ______t 

Carbonator: 

5) Na2S + C02 + H20 ____f 

6) Na2S + 2C02 + 2H20 - 
7 )  2NaHC03 heat . 
Claus: 

9 )  2H2S + SO2 L . 
8) H2S + 1-1/2 02. 

Na2S + 1-1/2 C02 
Naps + 2 COP 

Na2C03 + H2S 
2NaHC03 + H2S 
Na2C03 + C02 + H20 

H20 + SO2 
35 + 2H20 

f l u e  qas l eav ing  t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r  i s  contacted by sodium carbonate 
s o l u t i o n  t o  remove s u l f u r  oxides by reac t ions  1 and 2. 
i n  a modified spray d r i e r  which i s  unique t o  t h e  ACP. The scrubbing s o l u t i o n  i s  d i s -  
persed i n t o  a f i n e l y  atomized fog  which f lows concur ren t l y  w i t h  t h e  f l u e  gas down the  
spray d r i e r .  The s u l f u r  d iox ide  from the  f l u e  gas d i f f u s e s  i n t o  t h e  l i q u i d  phase o f  
t he  s o l u t i o n  and reacts.  Water s imultaneously evaporates f rom t h e  t iny f o g  d rop le ts .  

These reac t i ons  take  p lace  

127 



A t  the bottom of the spray d r i e r ,  a l l  of the water has evaporated from the "scrubbing" 
solution and the f lue  gas has been cooled t o  a minimum of 20°F above i t s  water satura- 
tion temperature (usually 150°F to  ZOOOF) .  
the water a r e  col lected,  f i r s t  mechanically and then w i t h  an e lec t ros ta t ic  precipi ta-  
tor. 

The sol ids  from the spray d r i e r  a re  conveyed into a molten s a l t  reactor where the reduc- 
tion reactions 3 and 4 occur. Excess coke or  coal is  fed t o  the reducer and the tempera- 
ture  i s  maintained a t  1800°F by combustion of carbon w i t h  a i r .  
sent ly  preferred in the ACP (z), but coal has been successfully tes ted.  

The  molten sodium su l f ide  (Na S )  product of the reduction i s  quenched i n  water and f i l -  
tered to  separate residual so?ids (carbon and f l y  ash) .  The sodium su l f ide  solution i s  
converted t o  sodium carbonate by reactions 5 and 6. 
covered from the CO 
decomposed and the 20 
ed from the hydrogen gulf ide i n  a standard Claus Plant. 

Commercial Status. Atomics International has piloted the spray dr ie r  in a 7 f t .  1.0. 
u n i t  w i t h  a simulated f l u e  gas and a l so  with a 5 f t .  I.D. uni t  on real f lue  gas a t  the 
Mohave Station. The molten reduction of sodium su l f ide  and su l fa te  has been carr ied 
out in  a 3 f t .  I.D. reactor .  The A.I., carbonation process has been operated a t  bench 
scale. These process s teps  have n o t  been tested in closed 
loop operation, b u t  successive use of the product from each individual s tep through the 
e n t i r e  sequence has been car r ied  out. 

EVALUATION FACTORS 

A review o f  the detai led flowsheets and material and energy balances (lJ, for  these pro- 
cesses shows differences i n  energy consumption, type of reducing agent required, and the 
degree o f  interact ion with the operation o f  the boi ler .  In addition, especially f o r  new 
technology, the extent of technical r i sk  f o r  each process i s  a l so  a key evaluation fac- 
to r .  Two of these factors  a r e  amenable to  quant i ta t ive evaluation: energy consumption 
and type of reducing agent. The other  two are  subjective and can only be quantified by 
i n t u i t i v e  technical judgement. For example, on a scale  from 0 to  10 points, the use of 
coal a s  the reducing agent m i g h t  be given 10 points and natural gas, 0. In another ca- 
tegory, a ful ly  commercial process m i g h t  score the f u l l  amount allowed while one under 
development might only score 2 0 - 3 0 %  of the fu l l  amount. The number of points awarded 
for  the maximum in each category must be determined f o r  each specif ic  s i t e .  The availa- 
b i l i t y  Of the various reducing agents, water, power, land area and intangible a t t i tudes 
toward technical risk and modifications of normal operations must a l l  be considered. 
l imitat ions on the method r e f l e c t  the uncertainties and r i sks  in evaluating evolving tech- 
nology. 
can leaa t o  consistent r e s u l t s  among independent evaluators. 

The  amount of energy consumed by an FGD process has a d i rec t  impact on the power plant ' s  
heat r a t e  (eff ic iency)  and a l so  on the avai lable  net e l e c t r i c  generating capacity. I f  
a u t i l i t y  must. purchase power t o  o f f s e t  tha t  consumed by an FGD process i t  may prefer t o  
se lec t  an a l te rna t ive  w i t h  h i g h e r  fuel consumption and lower e lec t r ica l  demand. Such a 
sacr i f ice  of efficiency f o r  capacity may a l so  be j u s t i f i e d  where cost ly  peak generating 
would be required t o  supply the power consumed by the FGD process. These considerations 
would be reflected i n  the choice of maximum score assigned to  t h i s  factor .  

The preferred reducing agent f o r  any process would be the same coal used as  boi ler  fuel. 
T h i s  would ensure an adequate supply and eliminate any requirement f o r  special purchasing. 
handling and storage. The choice of coal a s  the preferred reducing agent imposes a direct 

The sol ids  created by the evaporation of 

The f lue gas i s  then discharged t o  the atmosphere through a stack (5). 

Petroleum coke i s  pre- 

The CO f o r  H S st r ipping i s  re- 
The i icarboiate  i s  thermally r ich off-gases from the reducer. 

returned t o  the carbonation s tep  (reaction 7 ) .  Sulfur i s  recover- 

(Equivalent t o  about 1 M W . )  

The 

However, the e f f o r t  and d isc ip l ine  involved in  performing such an evaluation 
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penalty f o r  processes unable t o  use i t .  
technical r isk,  higher cos t ,  and  higher fuel consumption required by a coal gas i f ie r .  
The extent of such penalties i s  obviously very site-dependent. 

The lesser  the extent of interact ion between the FGD process and the boi ler ,  the more 
preferrable, because i t  minimizes operating problems. However, a by-pass for  f l u e  gas 
around the FGO system must be instal led and  permission obtained t o  use i t  when necessary, 
or th i s  factor i s  n o t  a valid consideration. Interaction involves the pressure drop 
through the absorber, as i t  poses a potential threat  of back-pressure in the boi ler  in 
case of plugging the absorber or fa i lure  of the ID fan. The interaction can also be 
reduced by providing suf f ic ien t  intermediate storage t o  allow limited operation of the 
absorber while the regeneration section i s  o u t  of service and vice versa. 

The evaluation of technical r i sk  and the weight given t o  i t  in the total  evaluation i s  
l ikely t o  re f lec t  the troubled operating h is tor ies  of a l l  FGD ins ta l la t ions  to  date, 
even those which a re  now successful. The newness of the sulfur-producing processes 
emphasizes the need t o  careful ly  consider redundant components and the materials of 
construction chosen for  the severe service encountered in the regeneration sections. 
In i t ia l  designs are  l ike ly  to be conservative in attempting to  achieve mechanical re- 
l i a b i l i t y  and minimize the technical r isk.  The extent t o  which th i s  i s  carried out will 
be limited by cost and by the r e l i a b i l i t y  requirements of the prospective host u t i l i t y .  

Other s i te-specif ic  evaluation factors  are shown in Table 1 .  The amount of sulfur  t o  be 

I t  a lso imposes an indirect  penalty in the added 

Table 1 

SITE-SPECIFIC EVALUATION FACTORS 

% S in coal ( X  removal required) 

% A s h  in coal (% removal required) 

Other s t a t e  and local regulations 

Waste disposal 

Water qual i ty  and ava i lab i l i ty  

Geographic factors  (elevation, ambient temperature range, e tc .  ) 

removed depends upon the su l fur  content of the coal and the emissions control requirements. 
All of the processes under act ive development should be capable o f  meeting a l l  current 
SO emissions l imits .  The flyash must be removed t o  prevent operating problems in the 
FG6 system and t o  meet emissions 1 imi t s .  Unl i ke the 1 ime/l imestone systems, regenerative 
FGD processes cannot to le ra te  ash-laden f lue gas. .Limitations on liquid and sol id  waste 
streams can have a major impact on the feasiLi1it.y of Processes such as these w i t h  t h e i r  
purge streams. 
processes. 
the atmosphere. Local geographic factors influence the s ize  of equipment and  the extent 
of insulation and protective s t ructures  required. 
the evaluation of individual processes. 

Suff ic ient  water must be avai lable  for  the consumptive needs of these 
I n  addition, i t  must be of adequate qual i ty  to vaporize and disperse into 

These a l l  have differ ing impacts on 

APPLICATION OF THE EVALUATION METHOD 

To i l l u s t r a t e  the foregoing evaluation method for  the processes described ea r l i e r ,  a 
hypothetical s i t e  for  a new 500 MW u t i l i t y  boiler was selected with the character is t ics  
shown in Table 2. The values chosen for  the boi ler ,  coal and s i t e  a re  intended to be 
representative of a wide range of actual conditions. 
par t iculates  must be controlled, since a l l  three regenerable processes require prior 

The emissions l imitat ions for  
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removal of f ly  ash t o  prevent interference with process chemistry and process equipment. 

The  SO 
about 80%, i f  a l l  the  su l fur  in the coal emerges a s  SO . 
su l fur  remains i n  the  bottom ash.) 
eas i ly  meet this requirement. 

removal to meet New Source Performance Standards (NSPS) of 1.2 lb  SO /MMBtu i s  
(In many cases 10-?5% of the 

Each of the three trocesses described e a r l i e r  should 

The assumed plant charac te r i s t ics  of no natural gas and a premium for  petroleum coke tend 
to  impose r e a l i s t i c  penal t ies  for  special reducing agents. 
Wellman-Lord/Allied Chemical processes, a coal gas i f ie r  is required t o  supply a n  accept- 
able  reducing agent and fue l .  This increases the complexity and cost  o f  these processes. 
The presence of plent i ful  water eliminates any penalty for  consumptive use in the FGD 
processes. 

For both CatalyticlIFP a n d  

The Wellman-Lord/Allied Chemical process w i t h  a 60% ef f ic ien t  gds i f ie r  consumes about 
50,000 Btu/pound of elemental su l fur  produced ( 1 ) .  The Atomics International ACP process 
consumes about 28,000 Btu/pound of elemental surfur  produced (5). An evaluation of the 
CatalyticlIFP process for  th i s  study showed comparable e lectr ical  and reheat demands t o  
those f o r  the Wellman-Lord. However, steam and reductant consumption should be lower 
w i t h  the total  energy required for  CatalyticlIFP intermediate t o  the other  two processes. 

For a l l  three processes, coal is  the reductant. However, the need f o r  a gas i f ie r  in t h e  
Wellman-Lord/Allied Chemical and CatalyticlIFP processes adds to  t h e i r  complexity and t o  
t h e i r  consumption of energy. T h u s ,  the Atomics International ACP process has a n  advan- 
tage for  this  fac tor .  

Since a l l  three processes use c lear  solutions as  sulfur-absorbing reagents, do not re- 
quire  hot precipi ta tors ,  and should be capable of responding t o  boi ler  load changes, 
they a l l  show sa t i s fac tory  independence from the boi ler .  
and Wellman-Lord/Allied Chemical processes have re la t ive ly  high pressure drops through 
t n e i r  absorbers, require f i  ue gas reheaters (wnicn nave poor r e i i a b i i i t y  records j ,  ana 
use solutions which a r e  more voluminous to  s tore  pr ior  to regeneration than the sol id  
product from t h e  Atomics International absorber. T h u s ,  an edge in evaluating this factor 
would go to the Atomics International ACP process. 

Nevertheless, the CatalyticlIFP 

As discussed in the preceding sect ion,  a p ruden t  evaluation should place heavy emphasis 
on mechanical and chemical r e l i a b i l i t y .  
process, such a s  the Atomics International ACP, i s  penalized. 
Chemical process i s  the best  demonstrated, followed by the Catalytic/IFP process. They 
would receive correspondingly higher ratings for  t h i s  factor .  

In this  context, a re la t ive ly  undemonstrated 
The Wellman-Lord/Allied 

In considering the s i te -spec i f ic  evaluation factors  (Table 1 )  for this hypothetical s i te .  
the major considerations are waste disposal and the impact of rather severe winters on 
these three processes. 

The production of by-products by an FGD process can be troublesome. 
IFP and Wellman-Lord/All ied Chemical Drocesses have Durae streams of wet flvash from 

Both the Catalytic/ 

the water used f o r  humidification. 
in the generation of a s izable  purge stream of sodium sulfate .  Up t o  10% of the SO 
absorbed i s  oxidized t o  the unregenerable sulfate .  
.4tomics International ACP process has an advantage, although a small purge of mixed 
s a l t s  will probably be required. 

The Wellman-Lord' process has a fur ther  hsadvantage 

I n  considering these factors ,  t2e 

The relat ively bulky spray-dryer tyre  of absorber used i n  the Atomics International ACP 
process and the m r e  s t r ingent  temperature control required f o r  i t s  proper operation wi1 
ra i se  i t s  cost for insulat ion and weather protection re la t ive  to  the others. The severa 
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s o l i d s  t ranspor t  steps r e q u i r e d  may a l s o  be troublesome i n  severe weather. 
t he  Ca ta lY t i c I IFP  and Wellman-Lord/All i e d  Chemical processes should have an edge f o r  
t h i s  spec i f i c  s i t e .  

Ass ign ing numerical values t o  a l l  o f  the p e r t i n e n t  f a c t o r s  described i n  the  preceding 
s e c t i o n  i s ,  i t s e l f ,  a sub jec t i ve  problem, Local preferences and p r i o r  exper ience w i l l  
weigh heav i l y  i n  the choices made. For a hypo the t i ca l  s i t e  (Table 2) and f o r  on l y  these 
th ree  representat ive processes, t h i s  seems n e i t h e r  warranted nor  i n s t r u c t i v e .  It i s  a 
ma t te r  of agoniz ing ly  strenuous judqcment t o  s e t  up such a numerical t a b l e  f o r  a spec i f i c  
case. Once t h i s  i s  done, processes can be c o n s i s t e n t l y  evaluated a t  t h e  c o s t  o f  f u r t h e r  
e f f o r t  i n  ass ign ing i n d i v i d u a l  scores. 

Thus, both 

For the  three processes considered i n  the  general framework here, the Wel lman-Lord/Al l ied 
Chemical process has the  advantage of be ing the  best  demonstrated. The Cata l  t i c / I F P  
process i s  nea r l y  as w e l l  demonstrated, uses l e s s  energy and produces l e s s  soy id  waste. 
The Atomics I n t e r n a t i o n a l  ACP process i s  s t i l l  under development, bu t  has the  p o t e n t i a l  
t o  use coal as a d i r e c t  reductant ,  t o  use the  lea'st energy o f  t h e  th ree  processes and 
t o  produce the l e a s t  s o l i d  waste. 
Ca ta l y t i c / IFP  and Atomics I n t e r n a t i o n a l  ACP processes toward commerc ia l izat ion.  

Thus, i ncen t i ves  e x i s t  t o  cont inue t o  move both the 
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TABLE 2 

s o z ,  S T E A M  C H E M I C A L  

SO2 R E D U C T I O N  

S O D I U M  

' S U L F A T E  

C R Y S T A L I L E R  

SAMPLE SITE CHARACTERISTICS 

educing 
Gas 

Plant Capacity: 
Capacity fac tor :  
Heat r a t e :  
Flue gas  r a t e :  
Flue gas temperature: 
Eastern coal charac te r i s t ics  : 

S U L F U R  

E V A P O R A T I V E  

Plant location: 
Plant charac te r i s t ics :  

7 - 
C R Y S T A L I Z E R  

SO2 Emissions Limit: 

w . 

t 
S T A C K  

C L E A N  F L U E  G A S  

R E H E A T  

500 MW 
7,000 hrs/yr 
9,000 B t u / k w h  
3,100 ACFM/MW 
3 1 O°F 
3.5% sulfur  
11,600 Btu/lb (as  received) 
Central U.S. 
Suff ic ient  water 
No natural gas 
Petroleum coke avai lable  at  a 

premium 0ve.r coal 
1.2 lb/MM B t u  (EISPS) 

Figure 1.  Wellman-Lord/Allied Chemical Process 
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